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,

for QED

MEMORY EFFECTS AS VACUUM TRANSITIONS

*
THE MAXWELL TENSOR IS IN THE SAME STATE ( SAY : THE VACUUM )

BEFORE AND AFTER THE TRANSIENT PERTURBATION OCCURS ;

ORDER TO INTERPRET THE EFFECT IN TERMS OF DYNAMICS

OF THE MAXWELL TENSOR ONE HAS TO ASSUME THAT THE

TWO VACUA DIFFER BY A GAUGE TRANSFORMATION
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•
THE BOUNDARY DATA

MODULO TRIVIAL SYMMETRIES ( ie ZERO CHARGE )
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ONE MAY STILL HAVE TO IMPOSE ADDITIONAL FALLOFF CONDITIONS ON

GAUGE - INVARIANT QUANTITIES
,

l
. J .

TO AMPLY WITH MATTER FALLOFFS ;

2 .
AS FOR WHAT CONCERNS THE ASYMPTOTIC SYMMETRY GROUP

,
IT IS

NOT CLEAR HOW TO GUARANTEE
,

A PRIORI
,

THE GAUGE
INDEPENDENCE

OF THE RESULT
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BMS GROUP : LORENTZ X SUPER TRANSLATIONS

TCZ , E)

THUS
,

IN A SENSE

( BONN
,

METZNER AND VANDERBURG ; SACHS 1962 )

GR . SR
.

WEAK FIELDS

e BOUNDARY LIMIT

( Under stronger Conditions GR SR; however
,

in D= 4 NO GRAV
.

WAVES)
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2 LEADING FALLOFFS DESCRIBE D- DIM RADIATION ~ %
( necessary and sufficient condition for The ENERGY FLUX at

null infinity motto diverge ,
in The absence J additional

conditions on The Einstein tenser )
NO SUPER TRANSLATIONS IN D > 4

* UNDER THESE CONDITIONS :

NO GRAVITATIONAL MEMORY IN D > G
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[ Kapec . Lysor - Posters Ki
-

Strom  infer 2015 ] HIGHER - DIMENSIONAL SUPER TRANSLATIONS

[ Mao - Ouyang 2017 ]
[ Pate . Raclariv- Strominger 2017 ]

ALTERNATIVE FALLOFFS & HIGHER - D GRAVITATIONAL MEMORY

1 O BE ASSIGNED BOTH ON THE METRIC AND ON THE EINSTEIN

Tense µ { ALSO TAKING MATTER FALLOFFS INTO ACCOUNT

GRANTING FOR FINITENESS OF  PHYSICAL QUANTITIES

2 LEADING FALLOFFS ON hmu CAN ALWAYS BE CHOSEN AS WEAK

AS NEEDED TO GRANT FOR SUPER TRANSLATIONS TO F
,

tf D

( BASICALLY : hun ~ % F D )

} MEMORY EFFECTS RELATE TO METRIC ON PONENTS WITH COULOMB IC

FALLOFFS : n 11yd - 3 [ = % 'LL
only In D= 4 ] SUB LEADING SYMMETRIES

[ WITH VANISHING CHARGE AT NULL INFINITY ] GRANT FOR F OF MEMORY

EFFECTS IN ANY ( EVEN ) D



§ II.HIGHER - SPIN ASYMPTOTIC SYMMETRIES



REMARK

YPICALLY ONE CONSIDERS ASYMPTOTICALLY UNCHARGED MANIFOLDS :

* FREE E. 17
. WAVES AT NULL INFINITY SPIN I

* ASYMPTOTICALLY FLAT SPACETIMES SPIN 2

'  '
"

* ASYMPTOTICALLY HIGHER - SPIN FLAT SPACETIMES SPINS



REMARK

YPICALLY ONE CONSIDERS ASYMPTOTICALLY UNCHARGED MANIFOLDS :

* FREE E. 17
. WAVES AT NULL INFINITY SPIN I

* ASYMPTOTICALLY FLAT SPACETIMES SPIN 2

'  '
i '

* ASYMPTOTICALLY HIGHER - SPIN FLAT SPACETIMES SPINS

SUGGESTS THAT THE LINEARIS ED THEORY MAY ALREADY

CONTAIN RELEVANT INFORMATION ( indeed True )



REMARK

YPICALLY ONE CONSIDERS ASYMPTOTICALLY UNCHARGED MANIFOLDS :

* FREE E. 17
. WAVES AT NULL INFINITY SPIN I

* ASYMPTOTICALLY FLAT SPACETIMES SPIN 2

'  '
i '

* ASYMPTOTICALLY HIGHER - SPIN FLAT SPACETIMES SPIN S

SUGGESTS THAT THE LINEARIS ED THEORY MAY ALREADY

CONTAIN RELEVANT INFORMATION ( indeed True )

in principle any asymptotic vacuum amenable To be considered ;

in practice Minkowski vacuum appears to be special
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For S 73 :

( AND D > 4 )

( AN ONE INTERPRET WEINBERG 'S RESULT

AS THE WARD IDENTITY STEMMING FROM

SOME ASYMPTOTIC HIGHER - SPIN SYMMETRY ?
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SUPER TRANSLATION WARD IDENTITY

US EXPLORE THE CONSEQUENCES OF [ Q = Qsoftt Q
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$
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*
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•Qtsis FINITE and to ( check on admissibility of fall . offs ) ;
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REPRODUCING WEINBERG 'S RESULT

*
TECHNICAL STEPS TO GET TO THE RESULT :

⑧ SUITABLE CHOICE OF TCZ ,I )

⑧ IDENTIFY THE INSERTION OF SOFT SPIN - S QUANTA FROM Q} ;

Dq
TRANSFORM FROM MOMENTUM SPACE TO CONFIGURATION SPACE ;

Dq
APPLY DI

"

,
AND EVENTUALLY REPRODUCE WEINBERG 'S RESULT :

ruin
- C s )

.

{ me
?÷* ,

In Em . . .mil/gPn7Pn
"

}
.
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*
tf D we chose Bondi - like conditions :

frm = 0 Tidy ;gµ=0
under which the Fronsdal egs simplify to

Fm ,
= Dying - Duffy , ,

=

*
The solution to The power .

like ansate
, plus reasonable

assumptions , provides The falloffs ( here : leading order ) :

few = Ocr - E )
,

fun.
-

- Ocr
- It '

)
,

fu,
=D ( r

-

¥+2)
,

f;,u=O( r
- I-13 )
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HIGHER - SPIN SUPER ROTATIONS ( 5=3 )

LOOK FOR THE GENERAL SOLUTION
,

FOR Em = Eµ(m , ZTZ )

BESIDES HSP SUPER TRANSLATIONS
,

PARAMETRISED BY T(Z
,
E)

WE FIND :

CONFORMAL KILLING TENSORS

B Kij( £
'

€ )
on THE CELESTIAL sphere

( KC t )
,

# (E) )

ft =

XCZIJZKCZ
, E) + p ( z 1

pq f ; ( ZIE )
ye =

Ictlazkcz,E1 + FCE )

•
i. j

run over coordinates on The acestrel sfhae

o Kj and

f.
satisfy differential constant

.
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.
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D > 4 IN AGREEMENT WITH ESTABLISHED LORE FOR S = 2 ;

* STILL
,

HARD TO SWALLOW THAT SOFT THEOREMS & SYMMETRIES MIRROR

EACH OTHER ONLY IN D= 4

[ Kapec
,

Lysov,
Paster  ski and Strom  inger 2015 ]

•
WEAKER FALLOFFS ON how → SUPER TRANSLATIONS ANY D= 2M

• ENERGY FLUX STILL FINITE
,

ON ACCOUNT OF  THE  FACT THAT THE

EQUATIONS Of  MOTION Gyu  = Iv IMPOSE ADDITIONAL CONDITIONS
,

Up

TO THE ORDER WHEN MATTER APPEARS .

CONCEIVABLY
,

THIS ATTITUDE MAY PROVIDE THE SOLUTION FS ,D
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IDEA : COULD THE
"

SCALAR
"

ASYMPTOTIC SYMMETRIES

BE IDENTIFIED WITH THOSE OF ITS DUAL

Two - FORM Byu ?

*
S By = In Eu - QE

,
[ Together  with gauge

- for .

gauge ]

* Eme .
243 "

- 9/0
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SCALAR SOFT THEOREM FROM THE LGT OF Byu :
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vBµ = O ;
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: FINITE & # o AT ft

FH
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= o ; Qs : FINITE &n%0At&t
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null infinity ,
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Still
,

one can attach e meaning to charges with men - Turret

falloffs rn % :

* They can act on MASSIVE probes

* They have been shown to play e role in SUBLEASING

SOFT THEOREMS

* They ahem in The higher -

D gravitational memory effect

0K ( maybe )
,

BUT WHY THE Two RESULTS ARE DIFFERENT ?
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IT
IS ONLY AFTER GAUGE FIXING THAT THE COMPONENTS OF THE

POTENTIALS ( PARTLY ) ACQUIRE PHYSICAL MEANING ,
IT BECOMES

SENSIBLE TO DISCUSS THEIR OWN FALLOFFS AND CONSEQUENTLY

INVESTIGATE THE ASYMPTOTIC SYMMETRY GROUP .

HOWEVER :

I
o

ONE MAY STILL HAVE TO IMPOSE ADDITIONAL FALLOFF CONDITIONS ON

GAUGE - INVARIANT QUANTITIES
,

l
. J .

TO AMPLY WITH MATTER FALLOFFS ;

2 .
AS FOR WHAT CONCERNS THE ASYMPTOTIC SYMMETRY GROUP

,
IT IS

NOT CLEAR HOW TO GUARANTEE
,

A PRIORI
,

THE GAUGE
INDEPENDENCE

OF THE RESULT
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How IS IT POSSIBLE ?

* When fixing The LOCAL GAUGE one should make sure hot to Use

part of the gauge symmetry That is actually LARGE
,

in the sense that

it would provide a hourani shiny contribution To the charge

EXACTLY WHAT HAPPENS TO US ( RADIAL GAUGE ) Wrt CFHS ( LORENZ GAUGE )

BUT THEN WHY
"

TYPICALLY
"

IT DOESN'T HAPPEN ?
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•
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} DEGENERATE ~ tf

•
FOR P - FORMS

,
DIFFERENTLY

,
THE

"

CRITICAL DIMENSION
"

is D= 2 Pt 2 [ Afshar
,

Esmaeili
,

Sheikh - Jabbar ; 2018 ]

WHICH
,

FOR THE TWO FORM
,

IS D= 6
.

MAYBE
,

GAUGE DEPENDENTA 59 HARDER TO IMPLEMENT IN D
crit



§ IV. REMARKS & Outlook



R &

SPIN - I MEMORY IN ANY D ( Bieri
. Garfinkle Lets I

{ Mae et 21 2017,2018
Wald et I I done

,
dig

}

.

ASYMPTOTIC SYMMETRIES ON ASYMPTOTICALLY

(A) of 5 SPACES [ Mishra
,

Sonoran 2017,618 ]
[ Baumann 2017 )

.

HIGHER - SPIN ASYMPTOTIC ALGEBRA ( FLAT & (A) IS )
AT THE NON - ABELIAN LEVEL [ Vasiliev 1893

, Eastwood 265
,

Bekaert 208
, Sleight - Tavouud 246 ]

MIXED SYMMETRY FIELDS ( BEYOND P - FORMS )

( Di Vecchia
,

Marotta
, Mojazd 2017 ]

[ Afshar
,

Esmaeili
,

Sheikh - Jabbar ; 2018 )
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* UNDERSTANDING THE IR PHYSICS OF HSP SYSTEM :

CRUCIAL STEP TO THE GOAL OF ASSESSING THEIR

ROLE AT A FUNDAMENTAL LEVEL ;

* PROGRESS IS NEEDED ON THE MECHANISM FOR

HIGHER - SPIN GAUGE SYMMETRY BREAKING

*
IN THIS SPIRIT

,
IT WOULD BE INTERESTING TO

SEE WHETHER STRING SCATTERING AMPLITUDES

MAY BEAR SOME REMNANTS OF THIS HSP

ASYMPTOTIC SYMMETRY



⇐.€et¥


